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(54) Method and apparatus for therapeutic electromagnetic treatment 



(57) A therapeutic treatment device is disclosed 
having a pulsed incoherent light source connected to a 
microprocessor. The microprocessor is connected to a 



display and a user interface, it also has a means to re- 
ceive input parameters related to the treatment, as well 
as a means to provide output parameters related to the 
treatment on the display. 
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Deaerlptlen 

nELD OF T HE IHVEHnnt^ 

The present Invention relates generally to the art of 
therapeutic electromagnetic treatment and more spedf- 
Ically to a method and apparatus for utilizing a epatfalV 
extended pulsed fight source such as a flashlamp and 
providing treatment parameters for Its use. 



FtEI^TED APPl IfiATinMg 

This application is a continuation-in-part of prior co- 
pending United States application Serial NOi 
08/477.479. filed June 7. 1995. entitled 'Method And 
Apparatus For Therapeutic Electromagnetic Treatment, 
' and l3 a continuaUon of prior co-pending United States 
application Serial No. 08/473,532. filed June 7, 1995. 
entitted "Method And Apparatus For Therapeutic Elec- 
tromagnetic Treatment,* which are continuations of prior 
copending United States application Serial No 
00383.509, filed Febniary 3, 1995. entitled "Method 
And Apparatus For Therapeutic Electromagnetic Treat- 
ment,» which Is a continuatlon-ih-part of prior co-pend- 
ing United States application Serial No, 07/964 210 
filed October 20. 1992, entitled -Mothod And Apparatu^ 
For Therapeutic Electromagnetic Treatment." Issued on 
Apra 11, 1995, as U.S. Patent flo. 5,405,38a 

BACKGRO UND OF THF INVEISITIOM 

It Is known In the prior art to use electromagnetic 
radiation in medical application for therapeutic uses 
such as treatment d skin disorders. For example U S 
Patent Na 4.298.005 to Mutzhas describes a coJttinu- 
ous ultraviolet lamp with cosmetic, photobiologlcal, and 
photochemfcal applications. A treatment basedon using 
the UV portion of the spectrum and its photochemh:al 
interaction with the skin is described The power deliv- 
ered to the skin uising Mutzhas' lamp is described as 
150W/ma, which does not have a significant effect on 
skin temperature. 

In additkm to prtor art treatment involving UV light 
lasers have been used for dermatologlcal procedures 
MwSlng Argon lasers, COfe lasers. Nd(Yag) lasers.' 
Copper vapor lasers, ruby lasers and d/e lasers For 
example. U.S. Patent No. 4.829.262 to Furumoto, de- 
scribes a method of constnjcting a dye laser used h der- 
matotogy appOcatkxis. Two skin conditions which may 
bo treated by laser radlatkin are external skin irregular- 
ities such as tocal differences in the pigmentation or 
structure of the skin, and vascular disorders lying deep- 
er under the skin which cause a variety of skin abnor- 
manues Including port wine stains, telangiectasias leg 
veins and cheriy and spWer angiomas. Laser treatment 
of these skin disorders generally includes localized 
hea«ng of the Ueatment area by absorption of laser ra- 
diatfcjn. Heating the skin changes or corrects the skin 



disorder and causes the full or partial disappearance of 
the skin abnormality. 

Certain external disorders such as pigmented le- 
sfans can also be treated by heating the skin very last 
« to a high enough temperature to evaporate parts of the 
sWn. Deeper-lylng vascular disorders are more typically 
treated by heating the bk>od to a h^ enough tempera- 
ture to cause It tocoagulata. ThedteorderwIBtheneven- 
tualiydisappear. To control the treatment depth a pulsed 
w radiatfan source is often used. The depth the heat pen- 
etrates In the bbod vessel is controHed by contronihg 
the pulse %vfdth of the radiation source. The absorptkm 
and scattering coefficients of the skin also affect the heat 
penetration. These coefficients are a function of the con- 
w stituents of skin and the wavelength of the radiatton. 
Specifically, the absorption coefficient of light in the ep- 
idermis and dermis tends to be a sk>wly varying, monot- 
onteally decreasing functkm of wavelength. Thus, the 
wavelength of the light shouU be chosen so that the ab- 
^0 sorptfon coefficient Is optimized for the partfcutar skin 
cond{tk)n and vessel size being treated. 

The effectiveness of lasers for applicatk>ns such as 
tattoo removal and removal of birth and age marks b 
diminished because lasers are monochromatic. A laser 
of a given wavelength may be effectively used to treat 
a first type of skin pigmentatkxi disorder, but. If the spe- 
cific wavelength of the laser is not absort>ed efficiently 
by skin having a second type of disorder, It wfll be aief- 
fectlva for the second type of skin disorde r. Abo. lasers 
90 are usually complteated. expensive to manufacture 
large for the amount of power daHveiad. unreliable and 
difficult to mainta&i. 

The wavelength of the light abo affects vascutar 
disorder treatment because blood content in the vtehity 
3S of the vascular disorders varies, and bkxjd content af- 
fects the absorption coefficient of the treatment area. 
Oxyhenwgtobln Is the main chromophore whfch con- 
trols the optk:al properties of btood and has strong ab- 
sorption bands In the vblble regkxi. More partbularly. 
^ the strongest absorptton peak of oxyhemoglobin cecum 
at 4i8nm and has a band^(«fWth of eonm. Two additional 
absorption peaks with bwer absorptkm coefRcfente oc- 
cur at 542 and 577nm. Thetotalband-wkfthof thesetwo 
peaks Is on the order of lOOnm. Additionally, light h the 
« wavelength range of 500 to eoonmb desirable for the 
treatment of bkxxJ vessel disorders of the skin since it 
b absort>ed by the blood and penetrates through the 
sWn. longer wavelengths up to lOOOnm are also effec- 

tJve since they can penetrate deeper into the skin, heat 
« the surrounding tbsue and. If the pubenvidth b king 
enough, contribute to heating the bkXKf vessel by ther- 
mal conductivity. Abo. longer wavelengths are effective 
for treatment of larger diameter vesseb because the 
lower absorptkMi coefficient b compensated for by the 
« tonger path of fight In the vessel 

Accordingly, a wkfe band electromagnetfc radiation 
source that covers the near UV and the vblble portton 
of the spectnmi would be desirabb for treatment of ex- 
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temal skin and vascular disorders. The overaU lange of 
wavolonglhs of the light source should be sufficient to 
oplimizo treatment for any of a numt)er of applfeatlons 
Such a thaiapeutie electroniagnetie radiation device 
should also be capable of providing an optimal wave- 
length range within the overan range tor ttie speciffe dis- 
order being treated The intensity of tha Hght shoukf ba 
sufficient to cause the required thermal elTect by raising 
the temperature of the treatment area to the required 
temperature. Also, the pulse^/jridth should be variabie 
over a wide enough range so as to achieve the optimal 
penetration depth for each applicallon. Therefore ft is 
desirable to provide a light source having a wide range 
of wavelengths, which can be selected according to the 
required sldn treatment, with a contn)ned puise-width 
and a high enough energy density for application to the 
affected area 

Pulsed non-laser type light sources such as linear 
flashlamps provide these benefits. The Intensity of the 
emitted light can bo made high enough to achieve the 
required thermal effects. The pulse^wdth can be varied 
over a wide range so that control of thermal depth pen- 
etration can be accomplished. The typical spectnjm 
covers the visible and ultraviolet range and the optical 
banctemostoffectlvofbrspecificapplicationscanbese. 
lected. or enhanced using fluorescent materials. More- 
over, non-laser type light sources such as flashlamps 
are much simpler and easlerto manufacture than tasafs 
are significantly (ess expensive for the same output 
power and have the potential of being more efficient and 
more reliable. They have a wide spectral range that can 
be optimized for a variety of specific skin treatment ap- 
plications. These sources also have a pulse length that 
CO! be variedover a wide range which is critical for the 
oifferont types of skin treatments. 

In addilion to being used for treating skin disorders, 
lasers have been used for hvasiva medical procedures 
such as lithotripsy and removal of bkMd vassal block- 
age. In such invasive procedures laser light is coupled 
to optical fibers and delivered through the fiber to the 
treatment area. In lithotripsy the fiber deRvers Dght from 
a pulsed laser to a kidney or gallstone and the light in- 
teraction with the stone creates a shock wave which put- 
vorizes the stone. To remove bbod vessel blockage the 
light Is coupled to the btoekage by the fiber and tfrshte. 
grates the blockage. In either case the shortcomings of 
lasers discussed above with respect to laser skin treat- 
ment are present. Accordingly, a treatment device for 
Whotnpsy and blockage removal utilizing a flashlamp 
wouU be desirable. 

To effectively treat an area the light from the source 
must be focussed on the treatment area. Couplino 
pulsed laser light into oplfcal fibers in medicine is quite 
common. The prtor art describes coupling isotropic In- 
coherent point sources such as CW lamps Into small op- 
Ucal fibers. For example. U. S. Patent No. 4.757 431 

for focusing incoherent point sources with small fila- 



ments or an are lamp with an electrode separation of 
^ Into a small area. Poht (or smalQ sources are rel- 
atively easy to focus without large kisses In energy be- 
cause of the smaD size of the source: Abo. U S Patent 
* No.4.022.534.issuedliteyi0.1977.toKlshnerdisctoa. 
es Oght produced by a flash tube and the coltection of 
onV a small portksn of tha light emitted by'the tube hto 
an optical fiber. 

However, the large dimensksn of an extended 
10 source such as a flashlamp makes it difficult to focus 
brge fracttorw of its energy Into smaS areas. CoupHno 
into optteal fibers Is even more dlffk»jlt since not only 
mustahigh energy density be achieved; but the anouter 
^tstraDuttonofthellghthastobesuchthattrappinoin 
the optical fiber can be accomplished. Thus. It Is dralr- 
able to have a system for coupling the output of a high 
^tensity, extended, pulsed Ught source into an ppti^ 

^ SUMI^ OF THR PRESPMT l^^r^ 

Accordhg to a first embodiment of the hventton a 
therapeutic treatment device comprises a housing and 

an •ncoherent light source, suitably a flaslilarnp. opera- 
ble to provide a pulsed fight output for treatment, dis- 
posed in the housing. The housing has an opening and 
is suitable for being disposed adjacent a sk^ treatment 
area. A reflector is mounted withh the housing proxi- 
'nato the light source, and at least one optical finer is 
w |™>unted proximate the opening in the housing. An iris 
bmountedcoextenslvely with the opening. Powertothe 
lamp Is pnsvkf ed by a variable pulse width pulse forming 
circuit Thus, the treatment devtee provUes controlled 
derisity.filtered.pulsedllghtoutpulthfoughanopening 
35 « the housing to a sWn area for treatment 

According toa second embodiment of the Ihventkin 
a method of treatment with light energy comprises the 
steps of providinga high power, pulsed light output from 
a non-laser. incoherent light source and directing the 
« PUteod tight output to a treatment area. The pulse width 
of the light output is controtted and focussed so that the 
JJower density of the light is controlled. Also, the light is 
fillored to control the spectnim of the light 

According to a third embodiment of the inventkm a 
coupler comprises an incoherent Hght source such as a 
torokfal flashlamp. A reflector is disposed around the h- 
coherent Dght source and at least one optfeat fiber or 
Hght gukfe. The fiber has an end disposed within the re- 
flectoOhls end collects the light from the circular lamp. 
«\a«lfni»ar coupling configuratton fibers may be provk*. 
ed. akyig wHh a linear to circular fiber transfer unit dis- 
posed to receive light from the light source and provkfe 
I'ght to the optbal fibers. The reflector has an eUlptfcal 
cross-secttonlnaplaneparalleltotheaxisofthelinear 
« flash tube, and the linear flash tube bkjcated at one • 
focus of the ell^e whfle the linear to circular transfer 
unit is tocated at the other focus of the eflipsa 
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BRIEF DESCRI PTION OF THF nPAWikifto 

For a better understarxfing oT the Invention, refer- 
ence Is made to the accompanying drawings. In which 
tike numerals designate corresponding elements or sec- 
tions throughout, and in which: 

Figure 1 is a cross^ectional view of an incoherent, 
pulsed light source skin treatment device- 
Flguro2isasidoviewofthe light source of Figure 1; 
Figure 3 is a schematc diagram of a pulse formhg 
network with a variable pube width for use with the 
skin treatment device of Figures 1 and 2; 
Figure 4 is a cross-secthsnal view of a coupler for 
coupling light from a toroidal flash tube into an op- 
tical fiber with a conical edge; 
Figure 5 Is a sMe view of a toroidal flash tube; 
Figure 6 is a top view of a toroidal flash tube; * 
Figure 7 shows the geometry for couplvig into a 
conical section; 

Figure 8 is a cross-sectional view of a coupler for 
coupling Oght from a toroidal flash tube into an op- 
tical fiber with a flat edge; 
Figure 9 is a front sectnnal view of a coupler for 
coupling light from a linear flash tube into a circular 
fiber bundle; 

Figure 10 Is a sUe sectional view of the coupler of 
Figure 9; 

Figure 11 is a front view of a coupler for coupling 
light from a finear flash tube Into an optical fiber; 
Figure 12 is a front view of a coupler for coupling 
Kghl from a linear flash tube hto a doped optfcal fib- 

Rgwre 1 3 Is a schematc oonfiguratfon of a gel skin 
interface with a transparent plate; 
Figure 14 shows an angular distributbn of photons 
penetrating without using a gel; 
Figure 1 5 shows a fight guMe providing a large an- 
gular divergence; 
■ Figure 16 shows a light guide provldhg a narrow 
angular divergence; 

Figure 17 shows a spectra produced with a flash- 
lamp current of 200 amps; 
Rgure 18 shows a spectra produced with a flash- 
lamp eunent of 200 amps; and 
Figure 19 shows a Q7D driver clrcuft for a ftash- 
lamp. 

usecl^c^^r^^^^ 



Before explaining at least one embodiment of the 

^ventk)oindetailitlstobeunde«toodlhatthehventton 
is not limited in its application to the detalb of eonstnio. 
tlon and the arrangement of the convonents set forth In 



the following description or Ulustrated In the drawings 
The invention Is capable of other embodiments or of be^ 
ing practiced or carried out in various ways. Also it is to 
be understood that the phraseok)gy and teimihology 

« ernployed herein to for the purpose of dsscr*)tton and 
should not be regarded as iimSing, 

Referring now to Figures 1 and 2. cross-secttonal 

andsWe views of an incoherent pulsed Oght source skin 
treatment device 10 constnjcted and operated k\ ac- 

10 cordancewiihthoprinc^plesoftheprosentihventfanare 
showa The device 10 may bo seen to Include a housho 
12. having an opening therein, a handle 13 (Figure 2 
only), a light source 14 having an outer glass tube lS 
an elliptical reflector 16. a set of optteal filters 18. an frb 
»« 20 and a detector 22 (Figure 1 only). 

Light source 14, which is mounted in housing 12. 
may be a typical incoherent light source such as a gas 
filled linear flashlamp Model hto. L5568 available from 
ILC. The spectnim of Sght emined by gas fiOed linear 
flashlamp 14 depends on current density, type of gbss 
envelope materlalandgasmbctureusedlnthetube For 
terge current densities (e.g.. 3000 A/cm2 or more) tho 
spectnim is similar to a black body radiation spectrum 
Typically, most of the energy is emitted m the 300 to 
^ lOOOnm wavelength range. 

To treat a skin (or visible) disorder a required light 
density on the sMn must be delivered. This light density 
can be achieved with the focusing arrangement shown 
'n Figures 1and^ Figure 1 shows a cross-section view 
w of reflector 16. abo mounted in housing 12. As shown 
h Figure 1 . the cross^wctfan of refldctor 16 fri a plana 
b perpendicular to the axb of flashlamp 14 b an^eOtosa 
Linear flashlamp 1 4 is kjcated at one focus of the ellbse 

andreflectoriebpositfonedinsuchawaylhatthetreat- 
» ment area of skin 21 b tocated at the other focus The 

arrangement shown b similar to focusing arrangements 
used with lasers and efflcfently couples light from flash- 
tamp 14 to the sWn. Thb anangement shoukl not. how- 
ever, be considered fimithg. EUiptical reflector 16 may 
b« a jnetallfc reflector, typteaiy polbhed aluminum 
which IS an easiV machinable reflector and has a very 
high reflectivity In the vbible. and the UV range of the 
spectnjm can be used. Other bare or coated metals can 
abo be used for thb purpose. 
*s Optical and neutral density filters 18 are mounted 
in housing 12 near the treatment area and may be 

moved into the beam or out of the beam to control the 
spectrum and intensity of the light. TVpfcally, 50 to 

■[OOnmbandwWthfiliere. as well as tow cutoff filters in 
« «hevbibte and ultravtolet portions of the spectnim. are 
used. In some procedures it b desirable to use most of 
the spectnim. with onV the UV portton being cut off. In 
other appficattens. mafrily for deeper penetratton. ft b 
preferable to use narrower bandwidths. Tho bandwidth 
« filters and the cutoff filtera are readily avanable commer- 
cially. 

Glass tube 15 btocatedcoaxIaBywfth flashlamp 14 
and has fluorescent material deposfted on It Glass tube 
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IS win lypieaOy ba used for treatment of coagulation of 
blood vessels to optimfze the energy efficiency of device 
10. The fluorescent material can be chosen to absorb 
•the UV portion of the spectmmof flashlamp U and gen- 
erate light In the 500 to 650nm lange that Is optimized 
for absorption in the blood. Similar materials are coated 
on the Inner walls of commercial fluorescent lamps. A 
typical material used to generate Varm' white Oght in 
fluorescent lamps has a com^erslon efficiency of 80%, 
has a peak emission wavelength of 670nm and has a 
bandwidth of 70nm and is useful for absorption In blood. 
The few milSsecond decay time of these phosphors is 
consistent with long pulses that are required for the 
treatment of blood vessels. 

Other shapes or configurations of flashlamp 14 
; such as circular, helical, short arc and multiple linear 
flashbmps may be used. Reflector 16 may have other 
designs such as parabolic or circular reflectors. The light 
source can also be used without a reflector and the re> 
quired energy and power density may be achieved by 
locating light source 14 In close proximity to the treat- 
ment area. 

Ms 20 is mounted in housing 12 between optical fil- 
ters 18 and the treatment area and controls the length 
and the width of the exposed area. I.e. by colllmatingthe 
output of flashlamp 14. The length of fbshlarnp 14 con- 
Irob the maximum length that caii be exposed. Typically 
an 8cm long (arc length) tube wfit be used and only the 
central 5cm of the tube b exposed. Using the central 
Scm assures a high degree of uniformity of energy den- 
sity in me exposed slctn area Thus, in this embodiment 
:1he iris 20 (also called a collimator) will enable exposure 
iof sidn areas of a nwximum length of 5cm. The iris 20 
-may be closed to provide a minimum exposure length 
of one millimeter. Similarly, the width of the exposed skin 
area can be controlled In the range of 1 to 5mm for a 
5mm wide flashlamp. larger exposed areas can be eas- 
ily achieved by using longer flash tubes or multiple 
tubes, and smaller exposure areas are obtainable with 
an iris that more completely collimates the beam. The 
present invention provkJes a larger exposure area com- 
pared to prfor art lasers or point sources and is very ef- 
fective in the coagulation of blood vessels since blood 
flow interruptkxi over a longer section of the vessel is 
.more effective in coagulating H The larger area exposed 
simultaneously also reduces the required procedure 
!time. 

Detector 22 (Rgure 1) Is mounted outskto housing 
.12 and monitors the light reflected from the skfci. Detec- 
tor 22 combined with optteal Alters 18 and neutral den- 
:sity filters can be used to achieve a quck estimate of 
the spectral reflection and absorptkjn coeffteients of the 
:8kin. This may be carried out at a low energy density 
level prior to theapplication of the main treatment pulse 
Measurement of the optical properties of the skin prior 

to the applicattonof the main pulsels useful todetemiine 
optimal treatment conditions. As stated above, the wide 



source enables Investigation of the skin over a wkle 
spectral range and chofce of optimal treatment wave- 
lengths. 

In an alternative embodiment, detector 22 or a sec- 
« ond detector system may be used for real-time temper- 
ature measurement of the skki during fts exposure to 
the pulsed 0ght source. This Is useful for skin thermoly- 
sis appHcatkms with long pulses in which light is ab- 
sorbed in the epktomiis and dermis. When the external 
»f portlonoftheopldeimlsreachestoohlghalempefature, 
permanent scarring of the skin may resulL Thus the 
temperature of the skin should be measured. Thb can 
be reafized using infra-red emission of the heated skh, 
to prevent over-exposure. 
»^ A typfcal real-time detector system wouW measure 
the Infra-red emisston of the skin at two speciflc wave- 
lengths by using two detectors and filters. The ratfo be- 
tween the signals of the two detectors can be used to 
estimate the instantaneous skin temperature. The ©per- 
^ ation of the pulsed light source can ba stopped if a 
preselected sWn temperature is reached. Thb measure- 
ment is relatively easy since the temperature threshohl 
for pulsed heating that may cause skin scarring is on the 
order of 50-C or more, which is easily measurable using 
Bifra-red emission. 

The depth of heat penetratten depends on ttie light 
, absorptton and scattering b\ the different layers of the 
skin and the themial properties of the skin. Anott^er im- 
portant parameter is pulse-wkfth. For a pulsed light 
90 source, the energy of whfch is absorbed in an inflnites- 
imany thin layer, the d0pth of heat penetration (d) by 
tfiermal conductivity during the pulse can be written as 
shown in Equation 1: 



(Eq.1) d = 4(kAt«:pf 



where 



apectnim of the light emitted from the non-laser type 



^ k= heatconductivltyofthematerialbeinginuminat- 
ed; 

At = the pulse-wklth of the light putse; 
C = the heat capacity of the material; 
p = density of the material. 

4S 

It is clearfrom Equation 1 that the depth of heat pen- 
etralkx) can be controlled by the pulse-width of the fight 
source. Thus, a variation of pulse-wkfth In the range of 

10*secto10-<secwiaresuftlnavariatfonhthethermal 
" penetratlortbyafactorolioo. 

Accordingly, the flashlamp 14 provWes a pulse 
wWth of from 10^ sec to 10-i sec For treatment of vas- 
cular disorders In whk4i coagutatkm of bkxKl vessels ki 
skin Is the objective the pube length is chosen to 
« uniformly heat as much of the entire thickness of the 
vessel as possible to achieve efficient coagulatloa Typ- 
fcal blood vesseb that need to be Ueated fri the sMn 
have thicknesses h the range of 0.5mm. Thus, the op- 
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tinial pulsd-wldih. taking Into account the thermal prop, 
erties of blood. Is on the order of 100msec. If shorter 
pulses are used, heat will stRI be conducted through the 
blood to cause coagulation, however, the hstantaneous 
temperature of part of the blood In the vessel and sur- 
founding tissue will be higher than the temperature re- 
quired for coagulation and may cause unwanted dam- 
age. 

For treatment of external skin disojders In which 
evapoiatibn of the skin is the objective, a very short 
pulse^ Is used to provkto for ve^ shaOow thermal 
penetratfen of the skin. For example, a 10« sec putse 
wfll penetrate (by thermal conductivity) a depth of the 
order of only 5 microns into the skin. Thus, only a thin 
layer of skin Is healed, and a very high. Instantaneous 

temperature Is obtained so that theexlernalrnark on the 
ekm is evaporated, 

RgureSshowsavariablepulse-widthpulseforming 
circuit comprised ofaplurality of indivldualpulseformina 
neujorks (PWs) that create the vartatton h pu J 

^i^I" "^^^ a« ha» 

maximum (FWHM) of a flashlarnp driven by a single el- 
emem PFN «vlth capacitance C and inductance L is ap- 
proximately eqt^ to: - 



(Eq.2) 



PFNs,asshownnF|gure3.TherelaycontactsRr 

^J!^ capacitors'ci. 
C2 and C3 that are charged by the high voltage power 

PFM T^^'' R2 and fW are used to sete^the 
PFN that wiO be connected to ftashlamp 14. The high 
voltage switches SI . S2 and S3 are usif to dischZ 
Wie energy stored in the capacitor of the PFN No fla^ 
ternp 14. In one embodiment Li, L2 and L3 have values 
oMOOmH. 1mHand5mH.respectlvely.andCl.C2and 
C3havevaluesof lOOmF. imf and lOmF. respectively. 

In ad^fon to the possibifity of firing each PFN sep- 
ai«eV. wf^ generates the basic variability in pulse- 
wfcfth, additional variation can be achieved by firing 
PFN's sequentially. If. for example, two PFN^e having 
^ ^ « that the se«^ 

PFN is fired after the first.pulse has decayed to half of 
its amplitude, then an effective light pulsenwfdth of this 
operation of the system will be given by the relatksa- At 
o Atl + At2. The charging power supply typlcalV has a 
for^Th^Tr The relays shouWthere- 

tore be high voltage relays that can isolate these volt- 
ages reliably. The switches S are capable of carrying 
ttie curmnt of flashlamp 14 and to Isolate the ^v^rse 

" ^""^^ sequentially 
fired SolldHrtate switches, vacuum switches or gas 
switches can be used fbr this purpose. 

^!,TT'^^'''"PP'yt'^«^^'nFlguro3)rnay 
be used to keep the flashlamp InatowcurrSrtcoTKi^ 
mg mode. Other configurations can be used to achieve 



pulse-wwth variation, such as the use of a single PFN 
and a crowbar switch, or use of a switch with ctosino 
and opening capabilities. ^ 

^f=afly.foroperattenofflashlamp14withanelec. 
««»P"tea.«ridthof1tolOmsec.aBneareiectrte^^ 
ergy density input of 100 to 300a/cm can be used An 
energy density of 30 to lOOLVcm^ can be achieved on 
tfje skin for a typical flashlamp boiB diameter of 5mm. 
« l!'®"'*!.°'«^to650nmbandwkJihtran8mits20%ol 
^V!^^"]] ^V^' ^"^^ enow densities on the ekin 
of 6 to 20J/cm2 are achieved. The incorporatkyi of the 
fluorescent material will further extend the output rsdia- 
tion in the desired range. enabOng the same exposure 
Of the skin with a tower energy Input into nashlamp 14 
.P"«sodlaserskintreatmentshowsthatenergyden- 
silies inthe rangoof 0.5 to lOJ/cm^ with pulsen^ridths In 
the range of asnwec are generally effective for treatbg 
vascular related skin disorders. This range of parame- 

^ type light sources such as the Ihear flashlamp A few 
steps of neutral density glass fitters 18 can also be used 
to control the energy density on the skin. 

For external disorders a typical pulse-width of 5 ml- 

croseoond is used. A 20J/cm electrical energy density 
« hput into a Smm bore flashlamp results in an energy 
density on the sWn of 1 0JAcm^. Cutting off the hard 
Portton of the spectrum results in 90% energy transmis- 
Zi^?"^"^ ^ density of ck>se to 

lOJ^cm^.Thisenergydensltybhighenoughtoevapo- 
30 rate external marks on the eWn. 

Device 10 can be provided as two units: a Oghl- 
welgjit unitheldby aphysician using handle 13. with tfie 
hand-hekf unit containing flashlamp 14, filters 18 and 
;f«20thattogethercontrolthespectrumandthe8izeof 
the exposed area and the detectors that measure the 
reflectivrtyandtheinstantaneouasklntemperature The 
power supply, the PFN^s and the electrical controls are 

wijtahed In a separate box (not shown) that is connect- 
edtothehand^iek5unilviaaflexiblecabie.Thisenable8 
operationandeasyaccesstotheareasofthe 
skin that need to be treated. . «wwine 

The invention has thus far been described \n con- 
junction with skn treatment However, using a flashlamp 

rather than a laser in Im/asive treatments provkles ad- 
^ vantages as wen. Procedures such as lithotripsy or re- 
moval of blo«J vessel bk)ckage may be perfomied with 
a teshlamp. Such a device may be similar to that shown 
fri Figures 1 and 2. and may use the electronics of Figure 
3 to produce the flash. However, to properly couple the 
« "flhttoanopUcalfiberanumberof^^jTe.^^ 
90 are shown In Rgures 4 and 8-10. respectively. 

eityb^coherentand Isotropic pulsed Hghtsuchasaftiear 
flesh tube 42. a light reflector 44 which deBvere the llghl 
« «ne^9y to an optical fiber 46. The latter has a generalV 
conical edge in the embodiment of Figure 4. Optical fiber 
46 transfers the tight from light coUection system 44 to 
me treatment area. In general, coupler 40 couples 
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pulsed llghl from a llash tube hto an optfcal fiber and 
has applications tn medical. Industrial and domestic ar- 
eas. 

For example, coupler 40 may be used h materbl 
processing to rapidly heat or ablate a portion of a mate- 
rial being processed, or to Induce a phot<>chemkal 

process. Alternatively, coupler 40 may be used In a pho- 
tography application to provide a flash for picture taWng. 

Using such a coupler would allow the flash butt) to be 
located inside the camera, with the fight transmitted to 
outside the camera using an optical fiber. As one sldOed 
<n the art should recognize coupler 40 altows the use of 
Incoherent Rght in many applications that coherent or 
incoherent tight has been used in the past 

To provide for coupRng the light to an optical fiber 
flash tube 42 has a toroidal shape, shown in Figures 5 
and 6, and is disposed inside reflector 44. In addition to 
the toroidal shape other shapes, such as a continuous 
helix, may be used for flash tube 42. However, a helfeal 
tube is more difflcult to manufacture than a toroidal tube 
Referring now to Figura 6. flash tube 42 is generally in 
the shape of a tours, but is not a perfect tours since the 
electrodes located at the end of the tours have to be 
connected to the power source. This does not create a 
signiflcant disturbance in the circular shape of flash tube 
42. since the connection to the electrodes can be made' 
quite small. 

Reflector 44 collects and concentrates the fight, and 
has a cross-section of substantially an efiipse. in a plane 
perpendicular to the m inor axis of the toroidal flash tube 
4Z The major axis of this ellipse preferably forms a sman 
angle with the major axis of toroidal lamp 42. The exact 
value of the angle between the ellipse axis and the main 
axisof lamp42dependsonthe Numerical Aperture (NA) 
of the optical fiber. The toroidal flash tube is positioned 
so that its minor axis coincides with the focus of the el- 
lipse. The other focus of the elDpse is at the edge of op- 
tiral fiber 46. Reflector 44 may be machined from metal 
with the inner surfaces poHshed for good reflectivity Alu- 
minum Is a very good reflector with high reflectivity in 
the visible and ultraviolet wavelengths, and it may be 
used for this purpose. The reflector can be machined in 
one piece and then cut along a surface perpendicular to 
the main axis of the device. Tliis wilt enable integration 
of the toroidal flash lube into the devfee. 

As shown in Figure 4, the edge of optical fiber 46 is 
a cone with a small opening angie. so that the total area 
of the fiber exposed to the light from the flash tube Is 
increased. Referring now to Figure 7 the geometry for 
coupling light into a conical tip is shown. It is assumed 
here that the fight comes from a region in space with a 
refractive Index of n^ and that the conical section of the 
feer (as weflasthe rest of the fibercore)has a refractive 
index of n,. 

Not all the light rays hitting the cone are trapped In 
«t. For Irght rays that propagate in a plane that contains 
the major axis of the system, a condition can be derived 
tor the angle of a ray that will be trapped and absorbed 



h the fiber. This condition is shown In Equatton 3. 
Sii Oi««) = C08 m - tn,'/h,*-1 J*sln (W {Eq. 3) 

5 

Ught wBI be trapped in the conical portion Of the op- 
tical fiber if the Incidenca angles Is brger than p.,- cal- 
culated from Equation a Trapping is possible only if 
n,>n2. If the medium outsldeof the fiberlsair,ntf=l Not 
10 an of the fight trapped fri the conical sedltjn of the fiber 
wifl also be trapped h the straight portion of the fiber if 
a fiber with a core and a cteddhg is used. If a fiber with 
a core and no cladding is used (air claddhg). then all 
the rays captured in the conical section of the fiber wBI 
w also be trapped in the straight section of the fiber. 

The configuration shown in Figure 4 can also be 
used with a fluid filfing the volume behveen the reflector 
and the optical fiber. A very convenient fluid for this pur- 
pose may be water. Water is also very effective h cool- 
^ l"9 the flashlampH high repetition rate pulses ara used. 
The presence of a fluid reduces the losses that are as- 
sociated with glass to air transftions. such as the transi- 
tion between the flashlamp envelope material and air. It 
a fluid is used In the reflector volume, then its refractive 
^ index can be chosen such that all the rays trapped in 
the conical section are also trapped in the fiber, even if 
coreAcladding fibers are used. 

Another way of configuring the fiber in the reflector 
«s by using a fiber with a flat edge. This configuration is 
so showninFlguraSandhastrapplhoemciencyverycloso 
to the trapping efficiency of the conical edge. Many other 
shapes of the fiber edge, such as spherical shapes, can 
also be used. The configuration of the fiber edge also 
hasaneffectonthedistrfljutionoftheli^tontheexft 
w «Kio of the fiberand it can be chosen in accordance wfith 
the specific appfication of the device. 

The device may be used with a variety of optical 
fibers. Single, or a small number of millimeter or sub- 
milfimeter diameter fibers, win typically be used in inva- 
^ sive medical applications. In other applications, partic- 
ularly in industrial and domestic appDcations. it may be 
preferable to use a fiber having a larger diameter, or a 
larger bundle of fibers, or a light guide. 

According to one embodiment flexible or rigid light 
« guides are used to couple the light to the treatment area. 
Flexible Dght guides made from a bundle of quartz or 
other glass fibers that are fused together by heat at the 
edge of the bundles. The bundles may be circular, 
rectangular, or any other useful shape. Rigid light 
* fluWos may be made from quartz, acrylic, glass, or other 
materials having a high degree of transparency. The 
material is generally highly poflshed on afi sides. 
A typical cross section of a circular fight guide useful 
therapeutic treatment is one mm to ten mm In dlam- 
« eter. Alternatively, a rectangular fight guide may be used 
having typical dimensions of 3 mm by 10 mm to 30 mm 
by ICQ mm. In either case the length may be 20 to 300 
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mmm. or as needed lor the specifie application^ 

AceonSng to another alternative embodiment a rec- 
tangular light guide is used to more efficIerUly couple the 
tight TTie rectangular light guide is chosen to have a 
shape that matches a rectangular linear flasMamp and 
to match the shape of the vessel being treated. 

The light guides described atx>ve may be used in 
another aitemativo embodiment to control the spectrum 
of light delivered to the treatment area Spectral control 
can be achieved by making the light guide from a ma- 
terial that had an absorbing dye dissolved thereia Thus, 
light transmitted by the tight guide wHI have a spectnjm 
In as determined by the absorbing dye. Alternatively, a 
flat, discrete filter ntay be added to one end (preferably 
the input end) of the light guide. Both of these filters are 
absorbing filters. The inventors have found that abBotth 
Jng filters produced by Schotl, having Model Nos. 
. OG515, OG550. 00570, and OG590 have suitable 
characteristics. 

Additionally, interference filters or reflective coat- 
ings on the light guide may bo used by applying a proper 
Optical coating to the light guide. Again, a single discrete 
Interference filter could also be used. Additionally, com- 
binations of the various filters described herein, or other 
filters, may be used. The useof the fitters described here 
may render the use of the filters described earlier «vith 
reference to Figure 1 redundant. 

An alternative embodlmenf entafls the use of appli- 
cation specific Rght guides. In this way the spectra of 
light for various treatments can be easily controlled. Ac- 
cording to this alternative each type of treatment will be 
performed with a specrtc light guide. 

The optical properties of the light guide will be cho- 
sen to optimize the particular treatment The wave- 
lengths below are particularly useful for the respective 
treatments: 



arteries less than 0. 1 mm In diameter - 520-650nm 
veins less than 0.1 mm in diameter - 520-700nm 
vessels between 0.1 and 1.0 mm in diameter - 
550-1 OOOnm 

larger vessels - 600-1 OOOnm 

In each case if the skin is darker (higher pigmentatton) 
longer wavelengths on the bwer cut-off portkm of the 
spectnjm should be used. 

Multiple spectra may be used for optimal penetra- 
tion. This may be accomplished by illuminating with a 
few pulses, each having a different spectrum. For ex- 
ample, the first pulse can have a spectnjm that Is highly 
absorbed In blood. This pulse wiH coagulate the bkxid. 
thereby changing the optical properties of the btood, 
making it more absorbing in another wavelength range 
(prefeiably kxiger). A second pulse will be more effi- 
ciently absofted since the blocd absorbs energy of a 
greater wavelength range. This principle may be used 
with lasers or other Dght sources as wefi. 

In addttkm to the features of the Dght guides dis- 



cussed above, a Oght guMe b used, in one alternative 
embodiment to control the angular distributfon of the 
light rays impinging on the skin. Light that impinges on 
the skin at large angles (relative to the perpendcular) 
« win not penetrate very deeply Into the tissue. Converse- 
ly, Dght that impinges perpendicularly to the skin will 
have a deeper penetratkxt Thus, it is daslrable to pro- 
vUe a distributkx) of light rays that has a relatively wMe 
angular d'wergence when the treatment requIiBS shal- 
10 low penetratba Allematively, a nanow divergence Is 
preferable for treatment requiring deep penetiatfan Is 
desired. Some treatment might require both shalbw and 
deep penetratk>n. 

. Figure 15 shows a light guide 115 having an exit 
15 beam with a greater angular divergence than that Of the 
entrance beam. As shown n F^ure 15. a beam 116 en- 
^ ters light guide 1 15 at a smaO angle, relative to the axis 
of light guide 1 1 5. When beam 501 exits Rght gukto 11 5, 
the angle, relative to the axis. Is much greater. The ta- 
^ pered shape of light guide 115 enhances this diver- 
gence. 

Figure 1 6 shows a straight light gukJe 1 1 8 that maln- 
talns the angular distribution of the rays of light that enter 
nto it. A beam 119 is shown entering and exiting light 
guide 118 with the same angle, relative to the axis of 
coupler 601 . Aftemate use of both Dght guides 11 5 and 
118 can achieve the narrow and deep penetration dis- 
cussed above. Alternatively, the user can select the type 
of coupleraccordingtothe depth of penetraton needed 
M tor the treatment being peilbrmedL 

Figures 9 and 1 0 show a coupler 90 for oouplhg a 
nnear flash tube 92 through a linear to circular fiber v 
transfer unit 94 to a fiber bundle 96. A reflector 98 has 
an elliptical cross-sectton. shown in Rgure 10, h a plane 
35 paraUel to the axis of ihear flash tube 92 In this embod- 
iment Tube 92 is kxated on one focus of the elGpse 
while the linear side of linear to circular bundle converter 
94 is located at the other focus of the eOipse. This con- 
figuratton is relaUveiy simple to manufacture and com- 
^ mercially available linear to dreular converters such as 
25-004-4 available from General Rber Optws may be 
used. This configuration is partteulariy useful for larger 
exposure areas of the fiber, or for flash DIumlnatton pur- 



*5 The energy and power densities that can be 
achieved by this invention are high enough to get the 
desired effects in surface treatnoent or medical appltea- 
ttons. For the embodiment shown in Figure 4 the total 
energy and power densWea can be estimated as fof. 

w tews.ForaiyptealtoroWallampwitha4mmborediam. 
eter and a major diameter of 3.3cm an electrical linear . 
energy density Input of lOJ/cm into the lan\p can be 
used with a 5^sec pulse wklth. The light output of the 
lamp will be 5 to 6J/cm for optimal electrical operating 

" conditions. For the reflector shown in Figure 4, 50% of 
the light generated in the lamp will reach the bwer focus. 
Thus, a total energy flux on the focus of 25 to 30J may 
be obtained. For embodiments shown In Figure 4 or Fig- 
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ure 6 the total cross-section area of renector at the focal 
plane has a cross-soctlon of 0.8cm2. Energy densities 
on the Ofd©fof30to40a/cm2atth6 entranco to the fiber 
should be attahed with this cross-sectioa This corm- 
spends to power dansltiesolSto 10MW/cm2. which are 
the . typical power densities used in medical or material 
processing appBeatians. 

For longer pulses, higher lihear electrical energy 
densities into the lamp can be used. For a bnsec pulse 
to the flash tube a linear electrical energy density of 
lOOJ/cm can be used The corresponding energy den- 
sity at the focal area would be up to 300J[/bm2 Such 
energy densities are very effective in industrial cleaning 
and processing applications as welt as in medfcal appli- 
cations. 

Alternative embodiments for coupling the optical 
fiber to an extended Kght source such as a linear flash- 
lamp are shown in Figures 11 and 12. In the embodiment 
of Figure 11 an optical fiber 101 is wound around a lamp 
102 and a lamp envelope 103. Some of the light that b 
produced by the light source is coupled into the liber. If 
the Oght rays are propagating in the direction th^t is 
trapped by the fiber then this light will propagate in the 
fiber and a can be used at a fiber output 104. One limi- 
tation of this configuration is the fact that most of the 
light emitted by lamp 103 travels h a dIrecUon perpen- 
dicular to the suilace of lamp lOSandcannotbetrapDed 
In fiber 101. 

The embodiment shown in Figure 12 overcomes 
this pn^blem. A doped optical fiber 1 05 Is wound around 
lamp 102 and envelope 103. rather than an undoped 
fiber such as fiber 101 ol F^ure 11. The ddpant is a flu- 
orescent material which Is excited by the radiation em- 
anating from lamp 1 02 and radiates fight inside the fiber. 
This light is radiated omnidirectionally and the part of it 
that is wilhh the critical angle of fiber 105 is trapped and 
propagates through the fiber and can be used at fiber 
output 1 04. The angle of fight that Is trapped in the fiber 
is the critical angle of the material from which the optical 
fiber or optical wave guide is made. Fora fiber (or optical 
wave guide) in alf this angle is given by sin a = 1/h. 

TyplcaDy for glass or other transparent materials n 
= 1 .5 and a = 41 .Q*. This corresponds to a trapping ef- 
ficiency of more than 10% of the light emitted by fluo- 
rescence inside the fiber. If we assume a 50% efficiency 
of the fluorescence process we find out that more than 
5% of the light produced by the lamp is trapped and 
propagated down the fiber. For example, a 4" lamp with 
a linear electrical energy input of SOOJ/inch and 50% 
electrical to light conversion efficiency wouU couple 
2.5% of Its electrical energy Into the fiber. This, corre- 
sponds, for the 4' lamp case to a total Hght energy of 
30J of Dght. This embodiment has the additional advan- 
tage of transferring the wavelength emitted by the lamp 
to a wavelength that may be more useful In some of the 
therapeutic or processing applications mentioned be- 
tore. Thus, fluorescent material doped in the fiber can 
be chosen in accordance with an emission wavelength 



detemiined by the specific application of the device. 

One alternative embodiment includes the use of a 
gel to couple the Bght to the sWn. This alternative reduc- 
es heating of the outer layer of the skin (the epidermis 
s and upper layers of the dermis). The gel is preferably a 
high viscosity water based gel and is applied to the sicin 
before treatment, although other gels that are not nec- 
essarily water based may be used. A gel having a rela- 
tively high heat capacity and thermal conductivity, such 
'0 as a water based gel, is preferable to enable cooling of 
the outer sidh (the epidermis in particular). Transparen- 
cy is also desirable because during treatment H^ht pass- 
es through the transparent gel and reaches the skki. 
Referring now to Figure 13, a gel 110 Is applied to 
IS the sidn 21 prior to the treatment. A flat layer of gel on . 
top ol the skin is used since Irregularities in the upper 
layer of the gel through which the light passes may 
cause scattering of the Oght and reduce its penetration 
Into the skin. In order to achieve this flatness a solid, 
«> transparent, flat piece 111 may be applied on top of the 
skin. The configuration is shown schematk»Ily in Figure 
1 3. The transparent plate can be made out of glass or 
other transparent materials. Either the flashlanp hous- 
ing or the light guides discussed above may be placed 
in direct contact with the transparent plate. 

The configuration of Figure 13 has the advantage 
of reducing the scattering ol light (represented by arrows 
113) that enters into the skin due to irregulariUes in the 
surface of the sWn. The skin has an index of refractfon 
90 that is larger than that of the air. As a result, any photon 
that impinges on the air skin interface is deflected if It 
dbes not hit the skin at an incidence angle of 0«. Since , 
the surfaceof theskin isirragulartheangulardistribution 
of the skh increases. This is shown schematically in Flo- 
« ure 14. 

The use of gel addresses this problem since the gel 
can fill irregular vokls that are created by the skin stmc- 
ture. The transparent plate that covers the gel and the 
gel itself wOl prelerably have an index of refractkxi that 
^ is ctose to that of the skin. This Is relatively easy since 
the index of refractton of the skin is of the order of 1.4 
in the visible end the near infrared. Most glasses and 
transparent plasttes have Indfcea of refractkjn that are 
of the order of 1 .5 whfeh is dose enough. The index of 
« refraction of water is of the order of 1.34 in this range. 
Water based gels wUI have similar Indices of refraction. 
The index can be increased by proper additives. The 
plate and gel thus act as a flat surface for the light to- 
impinge upon. Because the gel and plate have an index 
« of refractton ctose to that of the skin there is very imie 
scattering at the gel-plate and gel-skln Interfaces. 

The use of a gel has been experimentally success- 
ful in the treatment of leg veins and other benign vascu- 
lar lestons of the skia The treatments were carried out 
with the flashlamp described above. However, in alter- 
native embodiments a different incoherent source, or a 
coherent source, may be used. 

During operatton Pght is typically applied to the skin 
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In a sequence of three pulses with short delays between 
the putees. This mode of operation Is used In order to 
take advantage of the taster cooling of the superfldal, 
thin (less than 0.1mm thick) epUemifs compared to the 
larger and deeper vessels typical of leg veins. The gel 
in contact Kvllh the skh cools the epidermis durihg the 
waiting period between the pulses. This coisling reduces 
slgnmcantJy the damage to the epidennls. 

In accordance with the Invention, light fs applied to 
the treated area In either a ksng pulse or In a sequence 
of pulses separated by a delay. The delay and/or pulse 
length is preferably controDed by the operator to provide 
enough heat toaccompllsh the desired Ueatment but not 
enough heat to damage the skin. 

This concept was tested with large and deep ves- 
sels (of the order of 2mm in diameter and 2mm deep). 
A thin layer of commercial water based ultrasound gel 
(1 to 2mm thick. 'Aqua clear* gel made by Parker USA) 
was appGed on the skin. A 1mm thin gbss window was 
used to generate a flat layer of the gel. The light from 
the device passed through the thin glass and the gal and 
into the skin. Care was taken to assure than no air bub- 
bles exist in the gel. This configuratfon was tested with 
photon fluences of 30 to SOJ/cm^. Coagulation and 
clearance of the vessels was obtained without causing 
damage to the sWn. This Is contrary to similar trials In 
which gel was not used and In whfch fluences of 20J/ 
cm? with the same pulse structure caused bums of the 
skin. 

The epidermis has a thickness of approximately 0.1 
mm and a cooling lime of about 5 msec Thus, to avoid 
burning debys greater than 5 msec are used. 

In another alternative embodiment the spectnjm of 
the Oght used for treatment is controlled by controlUng 
the voltage and/or current applied to the flashlamp. As 
is wall known in the art, the spectnim of light produced 
by a flashlamp fs dependent on the voltage and current 
provided tolhe flashlamp. According to this embodiment 
the input voltage and current is selected to provMe a 
desired treatment spectmm. The appropriate voltage 
and currents may be determined experimentally (or 
each flashlamp used For example, a flashlamp current 
of 200 amps produced the spectra shown in Figure 17. 
Similarly, the spectra of Figure 18 was produced using 
a flashlamp current of 380 amps. The spectra of Figure 
17 shows a signricant enhancement in the wavelength 
range of 800-IOOOnra Such a spectra is particularly 
useful for treatment of large vessels. 

The different currents and voltages used to control 
the output spectra may be obtained using a group or 
bank of capacitors that are capable of being connected 
in either series or parallel as part of the power source 
for the flashlamp. A series connectkxi win provkJe a rel- 
atively high voltage and high current, thereby producing 
a spectra having energy in a shorter wavelength, such 
as S0O-650 nm. Such a series connecUon win be more 
appropriate (or generating shorter pulses (1 to 1 0 msec, 
e.g.) useful for treatment of smaller vessels. 



A parallel connection provides a tower current and 
voltage, andthus produces an output spectra of a longer 
wavelength, such as 700-1000 nm. Such a spectra Is 
more appropriate for treatment of larger vessels and is 
< suitable for producing kx^ger pulses (in the range of 
10-50 msec, e.g.). The selection of series or parallel 
connections may be done using a relay or sets of relays. 
In one alternative embodiment the pulse fomilhg 
network d Rgura 3 b replaced by a GTO driver drouit 
10 121. such as that shown hRgureig. The driver cIrouH 
of Figure 1 9 uses a switch capable of being turned both 
on and off to control the appfication of power to the flash- 
lamp. While this alternative embodiment will be de- 
scribed with respect to a GTO being used as the switch, 
IS other switches capable of being turned both on and off. 
such as IGBTs. amy also be used. 

Referring now to Figure 19. driver circuit 121 in- 
cludes a high voltage source 1 22. a capacitor bank C5, 
an Inductor 13, a dtode D5. a switch GT01 . a dkxle D6. 
so adfedeD7.areslstorR5.acapacllorC6,aQTOtrigger 
generator TRI . a resistor R7. a capacitor C7 and a flash- 
tube trigger generator TRZ These conponenis are con- 
nected to flashlamp 14 and senre to provide the power 
pulses to flashlamp 14. The duration and timing of the 
2S pulses are provided in accordance with the description 
herein. Driver 121 operates in the manner described be- 

k3W. 

High voltage source 122 is connected across ca- 
pacilof bank C5. and charges capacitor bank C5 to a 
90 voltage suitable (or application to flashlamp 14. Capac- 
iter bank C5 may be a comprised of one or more capac- 
itors, and may be eonflgursd in the manner descnlied 
above. 

Prior to illumlnatkx) of flashlamp 14 flashtube tr^ger 
3S generator TR2 breaks down flashlamp 14 and creates 
a relatively low impedance channel therein. After the 
flashlamp breaks down, capacitor C7 dumps current in- 
to flashlamp 14, further creating a k)w impedance chan- 
nel in flashlamp 14. In this manner a pre-discharge b 
^ provkfedthatpreparesflashlampUforthepowerpulse. 
Capacitor C7 provktos a small amount of current, rela- 
tive to capacitor bank C5. Alternatively, driver circuit 121 
may operate In a simmer mode, wherein the pre-dls- 
charge Is not necessary. 
^ Thereafter, switch GTOI is turned on via a pulse 
from GTO trigger generator TRI . completing the circuit 
between flashlamp 14 and capacitor bank 05. Thus, ca- 
pacitor bank C5 discharges through flashlamp 14. An 
inductor L5 may be provkled to control the rise time of 
so the current through flashlamp 14. Inductor L5 may In- 
clude an hherent resistive component, not shown. 

After a length of time detormined by the desired 
pulse width has passed. GTO trigger generator TRi pro- 
vkJss a pulse to switch QTOI, turning It off. A control 
« circuit detemilnes the timing o( the trigger pulses and 
provkfes them in accordance with the desired pulse 
widths and delays. 

A snubber circuit comprised of diode 06, resistor 
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R5, and a capacitor C6 fs pravldad (or switch QTOI . 
so. diodes 05 and D7 are provided to protect switch 
GT01 from reverse voltages. Resistor R7 is provfcied In 
parallel with flashlamp 14 to measure' the leaicaga cur* 
rent of switch GT01 . which can in turn be used to malce 
sure that switch Q701 is operating properly. 

A possible addition to driver circuit 1 21 is to provide 
an SCR or other switch in parallel with capacitor banic 
C5. This aDows the discharge or resetting of capacitor 
banIc C5 without turning on switch G7D1 . Other modifi- 
cations may be made, such as providing the circuit with 
a serfal trigger, rather than the parallel trigger 8ho¥vn. 
Another modification Is to use the driver circuit with a 
laser rather than flashbrnp 14. 

Proper use of pulse widths and delays can aid n 
avoiding burning the epfdennis. The eptdemUs has a 
cooling time of about 5 msec, while large vessels have 
a longer cooling time (a 1 mm vessel has a cooling lime 
of about 300 msec). Thus, during a pulse of duration 
longer than 5 msec the epldenmls can cool down but the 
vessel win not. For example, for treatment of a large ves- 
sel (such as one hav&ig a diameter of about 1mm) a 
pulse of 100 msec win allow the skin to cool, but the 
vessel will not eooL 

The same effect may be achieved using trafris of 
pulses. This is useful when it is not practical to provide 
a single longpuise to the flashlamp. Thedelays between 
pulses are selected to allow the sicin to cool, but to be 
too short for the vessel to cool Thus, larger vessels can 
be treated with longer delays because they have greater 
cooling times. Small vessels cool quickly and tong de- 
lays are not effective. However, they also need less en- 
ergy and can be treated effectively In a single pulse. 

TVplcal delay times are in the range of 20 msec to 
500 msec. More specifically, delays of between 100-500 
msec are effective for vessels larger than 1 mm In diam- 
eter. Delays of between 20-100 msec are effective for 
vessels between 0.5 and 1 mm in diameter Delays of 
between 10-50 msec are effective for vessels between 
0.1 and 0.5 mm In dianwter. A single pulse having a 
width in the range of 1 msec to 20 msec b effective fbr 
vessels less than 0.1 mm diameter. 

Additionally, delays should be selected according 
to skin pigmentation. Darker skin absorbs more energy 
and needs more time to cod: thus tonger delays are 
needed. Lighter skin absorbs less energy and can ac- 
commodate shorter delays. 

It has been found that multiple pulses avoids "^ur- 
pora' or the expbsbn ol smaD vessels In or close to the 
skin. The use of pulses to avoid burning and provkte 
cooling will be effective for light provided by lasers or 
other sources as welt. 

Another alternative embodiment includes the useof 
a mk;roprocessor or personal computer to control the 
flashlamp. The , microprocessor can be used to pravkle 
the timing f uncttons and prompt the trigger signals da- 
scribed above. Addhionatly. in one embod&nent the mi- 
croprocessor hcludee a user ihterf&ce. such as a dis- 



play saeen and keyboard, buttons, mouse, or other in- 
put device. The microprocessors have infomiation 
stored therein that aUs In the selection of treatment pa- 
rameters. • 

' . For example, If the condilton being treated is a port 
wine stains skin type ill. the physician inputs that con- 
dition into the microprocessor. The microprocessor re- 
sponds with suggested treatment parameters, such as 
using a 570nm cut-off filter, a double pulse «vith a deby 
10 of SOmsecandafluenceof 55 Jfcm^.Thophysfcian 
can alter these suggested parameters, but need not re- 
fer back to operating gukfelines for suggested parame- 
ters. This alternative may be used with light sources oth- 
er than a flashlamp, such as UV or a pulsed laser. 
'* These output parameters are shown on a display 
such as a screen or printer, and include the outputs dis- 
cussed betow. This win aU the physician in determining 
the proper treatment and in learning how to effectweiy 
use such devfces. In one embodiment the mteroproces- 
^ sor output on the display shows a simulation of «terac- 
tion of light with skin and vascular Iesk)n8. oxygen con- 
centration and temperature distribution in mafignant tis- 
sue being illuminated for the purpose of cancer by a 
flashlamp, or processes occurring in skin resurfac&ig 
^ using infrared lasers or other sources. 

A program within the mfcroprocessor (or altema- 
. lively an anabg circuit) models Interactfon of light with 
tissue and vessels. Many programs may be used to car- 
ry out the modeling, and in the preferred embodiment 
30 the foltowing input parameters are used: light source 
type (flashlamp or pulsed laser e.g.); number of output 
curves (1-4 e.g.); skin type: vessel diameter and depth; 
btood type (oxy or deoxy - hemoglobin); pulse duration; 
delay between pulses; energy fluence; type of filter; 
35 short or tong pulse mode; is a gel being used and its 
temperature. For a pulsed laser the wavelength is an 
input (400-1064 nme.g.). 

The micfoprocessor and the screen show the fol- 
towing information ki one embodiment temperature dis- 
40 tribuUonhthetbsueandlnthevesselaitheendoltreat. 
ment; graphs of up to four curves to compare different 
light sources or treatment regime. Alternatively, the out- 
puts couW be printed rather than shown on a screen. 
One skilled in the art win recognize that many rnl- 
^ croprocessof routines may be used to Implement the in- 
ventton. The routines may model the interacttons in 
many ways, and one such model for shgle dimensbnal 
light interaction withatbsue uses the foltowing empirical 
expresston fbr fluence: 



F=:F(0)exp(-xrd) 



where d = 1/^^ 
55 and 
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Is 



Where p. b an absorption eoefflclent of dermis. 
a scattering coefficient of demUs. and g is the anisot- 
ropy factor which is defined as average oosine of scat* 
tering angte for one scattertng event 

F(0) was calculated in accordance whh Diffushn d 
Ughl in Tlirpkf Material A. Ishfrnani, Applied Optica. 
1989Vbt28Mo. 12. pp 2210-221 5. but an empirical cor- 
rection depending on wavelength is added 

F(0)=Fo(64aW)* 

where W is a wavelength. 

UghtrelaiaUontimeinthetissuelsslgnmcanttyiess 
than the temperature relaxation time and Dghl pulse du- is 
rations used for treatment of skin lesions, therefore a 
stationary model for description of light penetraUon into 
the tissue was used. Ishimani's hydrodynamic model is 
suitable for calculating of F(0). Accordingly to this mod- 
el, the diffuse energy fluence rate satisfies the fol- 20 
towing diffusion equation: 



Temperature distribution behavior in the tissue is 
described by solution of the 1 -0 heat eonductivily equa> 
tion in planar geometry for near epidennis area 

with initial and boundary conditions 



Q = 3Y,(YT+gr,)Foexp(-t) 



Here p the density of tfssue. c is the specific heat 
and X is the heat conductivity coefficient The thermal 
«> properties of water were assumed for the thermal prop- 
erties of tissue. 

A heat conductivrty equation is calculated in cylin- 
drical geometry for near vessel area, where the center 
of the cylinder was chosen as point with maximal tem- 
» perature. 



Yir=Y,(1-9)*T. 



where Fp is the incident energy beam. Scattering and 
absorption coefficients are functions of wavelength. The 
total energy Ruence rate is given by 



Vo = ''oexp(-t). 

This equation was calculated numerically with the 
corresponding boundary conditions. The boundary con- 
dition for yf^ at the surface Uluminated by the incident 
intensiiyis 



3x' 



1 ar 



As one skilled In the art should recognize other models 
may be used as well 

The microprocessor or personal computer can also 
be used to create and store patient Infomiation in a da- 

> tabase. Thus, past treatment informatfon such as con- 
dition being Ueated. treatment parameters, number of 
treatments, etc. is stored and may be recalled when the 
patient isagain treated. ThisaMs inprovUingthe proper 
treatment to the patient Addittonaliy. the database may 

' include photographs of the patients condition before 
and after each treatment. Again, this aids In record 
keepnngand detennining what treatments are most suc- 
cessful for given conditlorw. 

In additton to the treatments described above the 
devices and methods described herein may be used to 
treat other conditions. For example, psoriasis and warts 
have been successfully treated. Similarly, skin rejuve- 
natton (treating wrinkles} shouU be effective. The inven- 
tor further contemplates using this invention to treat he- 
morrhokls, throat lestons. and gyneoologfcal problems 
associated with vascular malformations. 

Thus, it shouW bo apparent that there has been pro- 
vWed In accordance with the present inventfan a flash- 
lamp and coupler that f uBy satisfy the objectives and ad- 
vantages set forth above. Although the Inventton has 
been described In conjunction with specific embodi- 
ments thereof, it is evident that many altematives. mod- 
Ificattons and variattons wiD be apparent to those skilled 



12 



23 



EP0755 698A2 



24 



in the art Accordingly, it Is intended to en^race all such 
aftematives. modiftcations and variations that (all within 
the spirit and broad scope or the appended claims. 



Ctalme 

1 . A theiapeutic treatment device comprising: 

a Dght isource operable to provide an Incoherent 
pulsed light output (or treatment, wherein the 
source includes control inputs; 
a microprocessor having control outputs con- 
nected to the control Inputs of the source, dis- 
play outputs, and an input interface; 
a display connected to the microprocessor dis- 
play outputs; ^ 

a user interface connected to the input inter- 
face; 

wherein the mtcnoprocessor Includes means for 
receiving input parameters related to the treat- 
ment and means (or providing output parame- 
ters related to the treatment; and 
means for causing the display to display the 
output parameters. 

2. ThetherapeutlctrBatinentdeviceofcfaim1»wher8- 
in the mieroproeessor Is coupled to the user hter- 
face to receive Information about the patient being 
treated. 

3. The therap€futic treatment devfce of claim 2, where- 
in the information about the patient includes the 
condition of the patient being treated and the pa- 
tient's treatment parameters. 

4. The therapeutic treatment device of cla^ 3, where- 
in the patient infonnatlon received by the microproc- 
essor includes a picture of the patienrs condition. 

5. The therapeutfc treatment device of claim 4, where- 
in the picture is of the patient's condition prior to 
treatment 



9. The therapeutic treatment device of claim 1 , where- 
in the microprocessor is coupled to the display to 

generate visual indicia representative of suggested 
treatment parameters: 

1 0. The therapeutic treatment device of claim 9. where- 
in the microprocessor Is coupled to the display to 
generate visual indicia representative of a suggest- 
ed filter to be placed between the incoherent light 
source and a patient 

11 . The therapeutic treatment device of claim 9, where- 
in the microprocessor is coupled to the display to 
generate visual indicia representative of a suiggest- 
ed number of incoherent light pulses. 

12. The therapeutic treatment device of claim 1 , where- 
h the microprocessor Is coupled to the display to 
generate visual indicia representative of a suggest- 
ed time delay between each pulse of the number of 
pulses. 



6. The therapeutic treatment device of claim 4, where- 4S 
In the picture is of the patient's condition after treat- 
ment 

7. The therapeutfc treatment device of claim 1 . where- 
in the microprocessor b coupled to the display to so 
generate visual indicia representative of the tem- 
perature distribuUon in a paUent^ tissue. 

8. The therapeutic treatment device of claim 7. where- 
in the microprocessor is coupled to the display to ss 
generate vteual indicia representative of the tem- 
perature m the patient's blood vessel at the end of 
treatment 
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